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Available online 3 April 2016AbstractBackground: Commotio cordis is ventricular fibrillation after a direct precordial blow without mechanical damage to organs. Early recognition
and prompt cardiopulmonary resuscitation with defibrillation save lives. According to previous reports, the major determinants of commotio
cordis include location and timing of the blow. Other risk factors are young age, a thin and undeveloped chest cage, and a small hard spherical
projectile. The pathophysiology of commotion cordis remains uncertain, such as individual susceptibility to prolonged repolarization and long
QT.
Case report: A 32-year-old man suddenly collapsed after a direct blow to the anterior chest from an elbow during a basketball game. A bystander
called an ambulance and activated the emergency medical service immediately. Dispatch assisted the bystander with cardiopulmonary resus-
citation via telephone. An automated external defibrillator was applied when emergency medical technicians arrived, which showed ventricular
fibrillation. The patient regained a pulse after the first electrical shock and five-cycle-chest compression. Further examinations revealed a long
QT on electrocardiogram and hypokalemia. The QT interval was within normal limits without any ventricular arrhythmia after the potassium
level had been normalized.
Conclusion: This case reminds physicians of the risk of commotio cordis associated with exercise-induced hypokalemia. An electrocardiogram
should be checked for QT prolongation immediately after return of spontaneous circulation in patients of sudden cardiac arrest. Supplying
adequate potassium for hypokalemia related QT prolongation should be considered as treatment and primary prevention in such case.
Copyright © 2016, Taiwan Society of Emergency Medicine. Published by Elsevier Taiwan LLC. This is an open access article under the
CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
Keywords: cardiac arrhythmia; cardiac concussion; commotio cordis; sudden cardiac death; ventricular fibrillation1. Introduction
Commotio cordis is a ventricular fibrillation after direct
precordial blow without mechanical damage of organs.1 The
mortality rate of commotio cordis is high.2 Early recognition,
and prompt cardiopulmonary resuscitation (CPR) with defi-
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license (http://creativecommons.org/licenses/by-nc-nd/4.0/).two major determinants of commotio cordis: the location and
the timing of the blow.4 Other risk factors include young age,
thin and undeveloped chest cage of the patient, and a small,
hard, spherical projectile.5,6 However, the details of patho-
physiology remains uncertain, such as individual susceptibility
with prolonged repolarization and long QT.
We report a case of ventricular fibrillation after a blow to
the chest during a basketball game. The patient developed
return of spontaneous circulation after defibrillation. Further
examinations revealed a long QT on electrocardiogram (ECG)
and hypokalemia. The QT interval was within normal limits
without any ventricular arrhythmia after a normalized potas-
sium level. This case reminds us of the potential risk ofy Elsevier Taiwan LLC. This is an open access article under the CC BY-NC-ND
Figure 2. Initial electrocardiogram of our patient in the emergency department.
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in commotio cordis.
2. Case Report
A 32-year-old man, who was previously healthy without a
medical history, suddenly collapsed after a direct blow to the
anterior chest from an elbow during a basketball game. Ac-
cording to a witness' statement, a bystander called an ambu-
lance and activated the emergency medical service
immediately. Dispatch assisted the bystander with CPR via
telephone. An automated external defibrillator was applied
when emergency medical technicians arrived, which showed
ventricular fibrillation (Figure 1). The patient regained a pulse
after the first electrical shock and five-cycle chest compres-
sion. He was transported to our hospital.
The patient was clear and oriented in the emergency
department, but he could not recall what happened. There were
sequelae of dull headache, chest tightness, and muscle sore-
ness. In addition, none of the patient's family members had
suffered from sudden cardiac death. Initial vital signs were
body temperature of 37.5C, pulse rate of 129 beats/min, and
blood pressure of 128/60 mmHg. A physical examination was
unremarkable. No jugular vein engorgement or peripheral
edema was detected. No bruises or wounds were found on the
patient's anterior chest. ECG revealed sinus tachycardia with a
heart rate of 104 beats/min and QT prolongation with a cor-
rected QT interval of 510 ms by Bazett's7 formula (Figure 2).
Chest radiography showed a normal heart size, a clear lung
field, and an intact thoracic bony cage structure. A hemogram
showed a white cell count of 17,300/dL and hemoglobin levels
of 15.0 g/dL. Blood biochemistry values were as follows
(normal reference range): sodium, 144 (134e148) mEq/L;
potassium, 2.7 (3.6e5.0) mEq/L; creatinine, 1.34 (0.4e1.0)
mg/dL; glucose, 187 (70e105) mg/dL, aspartate transminase,
121 ( 34) U/L; alanine transaminase, 68 ( 36) U/L;
myoglobin, 66.3 (17.4e105.7) ng/mL; and troponin I, 0.129
(< 0.05) ng/mL.
Left ventricular systolic function was fair with an ejection
fraction of 55% derived from bedside M-mode ECG. No
structural heart disease was detected.Figure 1. Ventricular fibrillation recorded from an automThe initial impression was ventricular fibrillation due to a
chest contusion and exercise-induced hypokalemia. The pa-
tient was on a continuous ECG monitor with potassium sup-
plied by intravenous potassium chloride solution.
Cardioangiography was performed and demonstrated patent
coronary arteries. Further electrophysiological studies showed
no inducible sustained cardiac arrhythmia. Serial serum
troponin I and potassium levels were within normal limits. A
follow-up ECG showed a corrected QT (QTc) interval of
470 ms (Figure 3). The patient was transferred from the
intensive care unit to the general ward, in a stable condition,
on Day 3, and was discharged 10 days later without neuro-
logical or psychological deficits.ated external defibrillator. ECG¼ electrocardiogram.
Figure 3. Electrocardiogram after serum potassium level was normalized.
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Commotio cordis was first described in the 19th century,8
and is a Latin term indicating agitation of the heart. It is
ventricular fibrillation that develops after blunt trauma to the
chest without evidence of rib, sternal, or heart damage. The
exact incidence is unknown, but it is the most frequent cause
of sudden death in young athletes. Most victims are children or
adolescents with a mean age of 15± 9 years. Only 9% are
aged > 25 years.1,2 Our patient was in his 30s. Basketball is
the least frequent sport for such an injury. Most cases of
commotio cordis occur during baseball, American hockey, or
football.2 However, our case posed several risk factors. Link
et al4 concluded that an impact directly over the heart is
essential for sudden cardiac death in a swine model. Accord-
ing to the witness statement, our patient suffered a direct blow
to the anterior chest, which may have been the exact location
of his heart. Second, several studies have demonstrated that
the likelihood of ventricular fibrillation is proportional to the
hardness of the projectile.6 Being struck with the tip of an
elbow shares similar characteristics to being struck by a
baseball or a small, hard, spherical object. Third, Link et al4
demonstrated the precise timing of impact to produce ven-
tricular fibrillation using a swine model. They found that nine
of 10 impacts within a 15e30-ms window before the ECG T-
wave peak produced ventricular fibrillation. A long QT (QTc:
510 ms) was noted on the initial ECG of our patient upon
arrival. A prolonged QT interval could have increased the
window of the timing risk.
Fourth, previous studies have reported that hypokalemia is
a risk factor for ventricular fibrillation in patients with acute
myocardial infarction.9 Potassium repolarizes the cardiac
ventricles. Hypokalemia leads to a more negative resting
membrane potential, resulting in delayed repolarization and a
long QT.10 Our patient presented with hypokalemia (serum
potassium level, 2.7 mEq/L) and a long QT. Massive sweating
is expected during such a competitive sport in a hot summer
climate, which led to the hypokalemia, without an adequate
electrolyte supplement. Potassium was depleted not only from
sweat loss but also urine loss via catecholamine-induced renin
secretion.11 Maruyama et al12 demonstrated that hypokalemia
via isoproterenol-induced b-adrenergic stimulation activates
ATP-sensitive Kþ channels leading to ventricular fibrillation
in Langendorff-perfused rabbit ventricles. Link et al13 per-
formed another animal study and found that activating ATP-
sensitive Kþ channels may be a pivotal ventricular fibrilla-
tion mechanism during commotio cordis. A high catechol-
amine level, which induces b-adrenergic stimulation, was
expected in our patient while playing such a competitive sport.
Commotio cordis inevitably developed under the aforemen-
tioned conditions in our patient. In short, our case highlights
the risk for commotio cordis associated with exercise-induced
hypokalemia. In addition to a chest protector and the use of
softer balls to avoid a precordial blow during sports compe-
titions, an adequate potassium supply could prevent commotio
cordis. Further research is warranted to test our hypothesis.Finally, our case was discharged with cerebral performance
Category 1, and no neurological or psychological deficits were
detected. This case is an example of the benefit of activating
the chain of survival early, including immediate recognition,
activation of the emergency response service, and early car-
diopulmonary resuscitation and defibrillation.3 This report
echoes a previous national registry data survey showing
improved survival in patients with commotio cordis due to
public awareness and availability of automated external de-
fibrillators.2 Studies have shown increased bystander CPR
performance under dispatcher instructions.14 Our patient
received bystander CPR under dispatcher instructions via
telephone, which was effective and resulted in a shockable
rhythm after arrival of the emergency medical technicians. Our
case verifies that dispatch-instructed CPR via the telephone is
a survival benefit in patients suffering out-of-hospital cardiac
arrest.
In conclusion, this case reminds physicians of the risk of
commotio cordis associated with exercise-induced hypokale-
mia. An ECG should be checked for QT prolongation imme-
diately after return of spontaneous circulation in patients of
sudden cardiac arrest. Supplying adequate potassium for
hypokalemia-related QT prolongation should be considered as
treatment and primary prevention in such case.
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